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ABSTRACT

Background: The importance of physical activity as a
modifiable risk factor for stroke in particular and
cardiovascular disease in general is well documented. The
effect of exercise on stroke severity and stroke outcomes
is less clear. This study aimed to assess that effect.
Methods: Data collected for patients enrolled in the
Ischemic Stroke Genetics Study were reviewed for
prestroke self-reported levels of activity and four
measures of stroke outcome assessed at enrolment and
approximately 3 months after enrolment. Logistic regres-
sion was used to assess the association between physical
activity and stroke outcomes, unadjusted and adjusted for
patient characteristics.

Results: A total of 673 patients were enrolled; 50.5%
reported aerobic physical activity less than once a week,
28.5% reported aerobic physical activity one to three
times weekly, and 21% reported aerobic physical activity
four times a week or more. Patients with moderate and
high levels of physical activity were more likely to have
higher Barthel Index (BI) scores at enrolment. A similar
association was detected for exercise and good outcomes
for the Oxford Handicap Scale (OHS). After 3 months of
follow-up, moderate activity was still associated with a
high BI score. No significant association was detected for
activity and the OHS or Glasgow Outcome Scale at follow-
up after adjustment for patient characteristics.
Conclusions: Higher levels of self-reported prestroke
physical activity may be associated with functional
advantages after stroke. Our findings should be seen as
exploratory, requiring confirmation, ideally in a longitudinal
study of exercise in an older population.

Stroke is a leading cause of morbidity and
mortality, especially among older people. In 2002,
cerebrovascular disease ranked second in causes of
death worldwide, and that ranking is expected to
remain by 2030." Observational studies have
provided strong evidence of a consistent associa-
tion between physical activity and stroke risk.*”’
Additionally, a randomised controlled trial that
evaluated the effect of a 3-month home-based
physical fitness walking programme found a
significant decrease in stroke risk in the walking
group on the basis of a 10-year risk estimate using
the Framingham risk equation.'” The effect of
physical activity may partly be mediated through
its effect on other risk factors for stroke."
Physical activity has several effects that are
potentially beneficial from the perspective of
cerebrovascular disease. It has been shown to
lower blood pressure and improve lipid profiles."
As expected, physical activity is key in weight loss
and its maintenance,”” but physical activity has
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also been shown to increase insulin sensitivity and
ultimately decrease the risk of developing dia-
betes.”'” Physical activity also improves endothe-
lial function,'® which enhances vasodilation and
vasomotor function in the vessels. In addition,
physical activity can play an antithrombotic role
by reducing blood viscosity,"” fibrinogen levels™
and platelet aggregability,” and by enhancing
fibrinolysis,” all of which might reduce risk for
cerebrovascular events.

The effect, if any, of prestroke physical activity
on early poststroke functional status in humans is
not well known. The aim of this study was to test
the hypothesis that leisure-time physical activity
results in favourable effects on functional status
and neurological impairment.

METHODS

We used data from the Ischemic Stroke Genetics
Study (ISGS). ISGS is a multicentre inception
cohort study of subjects with first-ever ischaemic
stroke. The protocol has been described pre-
viously.” All participants provided written
informed consent to participate in ISGS, and data
collection was approved by each site’s institutional
review board. Participating centres were instructed
to screen patients consecutively.

All available medical records pertaining to the
stroke evaluation were compiled in standardised
fashion, stripped of personal health identifiers and
centrally reviewed by a single neurologist for the
purpose of assessing stroke subtype diagnoses
using multiple standardised criteria. The medical
records reviewer completed a stroke work-up
checklist, focusing on brain imaging, structural
and electrical cardiac evaluation, and cervical and
intracranial vascular imaging. Physical activity was
assessed using a standardised questionnaire with
three categories to determine the patient’s activity
over the preceding year. Physical activity was
defined by actions that produced sweating or a
noticeable increase in heart rate analogous to what
has been done in the National Health and
Nutrition Examination Survey.” Leisure-time phy-
sical activity levels were divided into low (vigorous
activity sufficient to break a sweat or noticeably
raise heart rate less than once a week), moderate
(vigorous activity sufficient to break a sweat or
noticeably raise heart rate one to three times a
week) or high (vigorous activity sufficient to break
a sweat or noticeably raise heart rate four or more
times a week). Infarct size was determined on the
basis of magnetic resonance (MR) imaging scan
when available and the computed tomographic
scan otherwise. At enrolment (date consent signed)
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and approximately 3 months thereafter, functional status was
assessed using the Oxford Handicap Scale (OHS),”* Barthel
Index (BI)** and Glasgow Outcome Scale (GOS).” Neurological
impairment at enrolment was assessed using the National
Institutes of Health Stroke Scale (NTHSS).*® Baseline assess-
ments were done face to face, and 3-month assessments were
done by telephone interview.

Patient and stroke characteristics are summarised using
frequencies and percentages, and y’ tests were used to assess
differences in these variables between patients in the three
physical activity levels. Stroke severity was quantified by the
NIHSS, BI, OHS, GOS and infarct size at baseline and by the BI,
OHS and GOS at follow-up. We dichotomised each measure
into “good” and ‘“‘bad” groups according to the following cut-
points. For BI (possible range of values, 0-100), values of 95 and
higher were considered good; for GOS (range 1-5), a value of 1
was considered good; for OHS (range 0-5), values of 0 and 1
were considered good; and for NIHSS (range 0-42), values
between 0 and 5 were considered good. The selection of values
of 0 to 5 as good outcomes on NIHSS was based on prior studies
in which these values predicted discharge disposition after
hospitalisation.”” These same cut-points were used at follow-up,
except for OHS, where a value of 0 was considered good. Infarct
size was determined on the basis of maximal cross-sectional
diameter of the zone of restricted diffusion as seen on diffusion-
weighted imaging (or zone of hyperintensity seen on fluid-
attenuated inversion recovery, if late presentation caused
resolution of the area of restricted diffusion) for patients who
had MR imaging. For patients who did not have MR imaging,
infarct size was determined by the maximal cross-sectional
diameter of the zone of hypointensity representing acute
infarction. Infarcts smaller than 1.5 cm were considered small,
and those 1.5 cm and larger were considered large. The
dichotomisations were selected to summarise findings in
clinically interpretable ways and were selected before statistical
analysis. A y’ test was used to assess the association between
physical activity level and the number of bad outcomes (of
NIHSS, GOS, OHS and BI). Logistic regression was then used to
assess the association between physical activity level and
functional status, adjusted for patient and stroke characteristics.
A hierarchical approach was used where we included progres-
sively more covariates in subsequent models. Initially, we
adjusted for age, body mass index, site, race, sex, primary and
secondary smoking exposure; alcohol use; sibling history of
stroke; history of diabetes, transient ischaemic attack (TIA),
congestive heart failure, myocardial infarction, atrial fibrillation,
and hypertension; prior aspirin and anticoagulant use; and
glucose levels. Sibling history of stroke was included because it
had previously been shown to influence stroke severity in this
population.” These variables were included in the model as
categorical variables, as shown in supplementary table 1. The
next model also included the prestroke OHS score. We believed
that the prestroke OHS score would be highly correlated with
the physical activity level, and which came first would not be
clear. Stroke characteristics were then added to the previous
model. These included the Trial of Org 10172 in Acute Stroke
Treatment (TOAST) and Oxfordshire subtypes and thrombo-
lysis within 24 h after the stroke. A backward-stepping
algorithm was then used on the last model to remove variables
from the model that were not significant. Results for physical
activity are reported as odds ratios (ORs) and 95% ClIs. In all
models, the low physical activity group was used as the
reference cell. SAS Version 9.1 for Windows was used for all
analyses (SAS Institute, Cary, North Carolina).
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RESULTS

A total of 673 patients with first-ever ischaemic stroke were
enrolled in ISGS between December 2002 and November 2007.
The demographic and clinical characteristics are summarised by
physical activity level in supplementary table 1. Those with the
lowest level of physical activity tended to be slightly older; 45%
of those in the low activity group were aged 70 years or older,
compared with 31% of the moderate group and 35% of the high
group (p=0.002). In addition, those with the lowest level of
physical activity were more likely to be female (p<<0.001) and
black (p=0.003) and to have higher levels of heart failure
(p=0.002) and hypertension (p<<0.001).

As described in the Methods, the OHS, GOS, BI and NIHSS
were all dichotomised into good and bad categories according to
instrument-specific cut-points. These measures are summarised
by activity status in supplementary table 1. In all cases, the
proportion of good responses differed significantly between the
activity level groups (p<<0.05 in each case). Of the 673 ischaemic
patients with stroke, 33% were good on all four measures, 11%
were good on three, 14% were good on two, 21% were good on
one, and 21% were bad on all four measures. Those patients
who had performed low activity in the year before the stroke
were significantly more likely to have one or more bad
outcomes (p<<0.001). Overall, 37% of the patients had small
infarcts (<1.5 cm). There was no significant association
between infarct size and physical activity.

The results of logistic regression to assess the association
between physical activity and stroke outcomes at baseline in the
fully adjusted model are shown in table 1. Unadjusted results and
results adjusted using various stepwise models that included
patient characteristics are summarised in supplementary table 2.
Low activity was treated as the reference group in each of the
comparisons. Unadjusted results showed significant results for all
baseline outcome measures. In all models for GOS, OHS and BI,
the odds of a good outcome were higher for patients who reported
moderate to high prestroke physical activity levels compared with
those who reported low physical activity. There was little
difference in outcomes between those with moderate and those
with high activity (p>0.05). Adjusted for patient characteristics,
the association of physical activity with GOS and NIHSS became
non-significant. In addition, the association between physical
activity and infarct size remained non-significant. However, the
association between physical activity and the baseline poststroke
OHS and the association between physical activity and the
baseline poststroke BI remained significant or borderline signifi-
cant for all adjusted models. There was no significant association
between physical activity and infarct size.

The results of logistic regression to assess the association
between physical activity and stroke outcomes at 3 months after
stroke in the fully adjusted model are shown in table 1. Unadjusted
results and results adjusted using various stepwise models that
included patient characteristics are summarised in supplementary
table 3. Unadjusted, moderate and high levels of physical activity
were significantly associated with better GOS, OHS and BI scores.
After adjustment for patient and stroke characteristics, only the
association between physical activity and Bl remained significant.

DISCUSSION

Our results showed an association between physical activity
and higher functional status after first-ever stroke for two of
four measures of stroke outcome at baseline. Better results for
functional status after stroke could not be explained by
differences in age, body mass index, race or sex, substance use
or family history; premorbid functional status and medical
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Table 1 Association between leisure-time physical activity and good stroke outcomes at enrolment (baseline) and 3 months after the stroke
National Institutes of
Glasgow Outcome Scale Oxford Handicap Scale Barthel Index Health Stroke Scale Infarct size
p p p p p
Outcome Odds ratio Value Odds ratio Value Odds ratio Value 0dds ratio Value Odds ratio Value
Stroke outcomes at enrolment
Physical activity 0.65 0.005 0.007 0.47 0.49
Light 1.0 1.0 1.0 1.0
Moderate 1.21 (0.78 to 1.87) 1.81 (1.20 to 2.74) 1.65 (1.08 to 2.51) 1.03 (0.62 to 1.70) 0.83 (0.54 to 1.26)
Heavy 1.18 (0.73 to 1.90) 1.77 (1.13 to 2.77) 1.94 (1.22 to 3.09) 1.49 (0.78 to 2.87) 1.11 (0.70 to 1.77)
Stroke outcomes at 3 months
Physical activity 0.56 0.21 0.02 NA NA
Light 1.0 1.0 NA NA
Moderate 1.29 (0.78 to 2.13) 1.21 (0.75 to 1.95) 2.21 (1.22 to 4.01)
Heavy 0.97 (0.56 to 1.67) 1.58 (0.95 to 2.62) 1.64 (0.86 to 3.13)

NA, not applicable.

conditions (diabetes and glucose tolerance, myocardial infarc-
tion, hypertension, congestive heart failure, TIAs and atrial
fibrillation); medications (aspirin and anticoagulants); or stroke
subtype or use of thrombolysis. High levels of physical activity
nearly doubled the odds that patients would have a favourable
BI or OHS score at the time of study enrolment. For the BI, the
effect was slightly less for moderate compared with high
activity levels; this was not the case for the OHS. Deplanque
and colleagues™ also found a trend toward an exercise duration-
dependent significant association of physical activity and
outcome for exercise duration of more than 2 h weekly when
using the NIHSS, a modified Rankin scale and the Bl

Unadjusted data from 3 months after the stroke were
significant for better functional status scores for GOS, OHS
and BI scales with increasing exercise levels. On adjustment,
however, only the association for the BI for moderate exercise
remained significant (supplementary table 3). We believe that
the trends identified are accurate but that greater study power
may be necessary to better delineate the positive associations of
functional status with prestroke exercise habits.

This study has several limitations. The first is the use of self-
reported physical activity data, which may be of doubtful
accuracy. It is possible that subjects who do well report higher
levels of prestroke activity (recall bias). However, several studies
have shown that self-reporting is a reproducible and reliable
way to assess patients’ activity levels.””** The second limitation
relates to the ability to generalise from these results. The study
was a retrospective analysis, all patients were evaluated at
dedicated stroke centres, and all included cases representing
first-ever ischaemic stroke. Because this study used data
obtained from patients enrolled in an ischaemic stroke genetics
study that required written informed consent, the study
population tends to skew mild in severity of deficit. This problem
is compounded by the fact that one of the five ISGS centres did
not allow enrolment of subjects by surrogate consent. This led to
consent bias toward subjects with milder strokes.*® Due to the
eligibility criteria of ISGS, our findings do not apply to patients
with recurrent strokes or haemorrhagic strokes. A third limitation
is that prestroke OHS is an imperfect measure of prestroke health
status. Other covariates such as depression, socio-economic status
and comorbid conditions like arthritis undoubtedly contribute to
prestroke health status but were not captured or were not
captured in all participants. Finally, four outcome measures were
assessed in this study, making it possible for false-positive findings
to emerge from multiple testing.

Our findings should be regarded as exploratory because of the
potential for recall bias and limitations on generalizability. A
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longitudinal study of exercise that followed initially stroke-free
individuals before, during and after stroke would be ideal for
addressing the methodological limitations of our study.

There are several potential reasons why exercise might improve
functional outcomes. Active individuals have greater cardiovas-
cular reserve and may demonstrate better haemodynamics after a
stroke, better collateralisation of flow after arterial occlusions and
better oxygen extraction from the blood as a result of changes to
the oxygen dissociation curve. Cardiovascular reserve may
minimise loss of the ischaemic penumbra in the acute phase of
stroke, resulting in better functional status. Individuals with
higher activity levels may also have greater functional neuro-
muscular reserves and as a result may be better able to
compensate for deficits, thus minimising the effects of disabling
strokes. Studies have shown a positive relationship between
physical activity and the enhanced release of nitric oxide and
expression of endothelial nitric oxide synthase (eNOS).** A
study using wild-type mice demonstrated the neuroprotective
effect of this very relationship. Mice with the eNOS gene had a
smaller cerebral infarct size, milder neurological deficits and
improved regional blood flow and vasodilation after a 3-week
exercise programme compared with controls.” This effect is
thought to be due to regulation of blood pressure, local blood
flow, vasodilation, and platelet aggregation and adhesion.

CONCLUSIONS

These data show that aerobic physical activity may improve
functional status immediately after stroke. Our findings
warrant independent confirmation in light of the limitations
of study design. We infer that physical activity may have
implications in stroke that go beyond the role it has in reversing
risk factors. Patients who are active may recover more quickly
immediately after a stroke, with trends that point to better
outcomes at the 3-month follow-up. The amount of activity
that may be required to show a positive effect is unknown.
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